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Fig. 1 FEREEM X
Conceptual diagram of experimental device
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Resistance sensors

ERERNELATL (DL |
J=batyay L T
== S AL ILEEE AR AR
FE T i -
] R L EEEALIEERERREEN)
AnggkdE . [ BRRALRE
A EEAERREILEARERARRR]
BliAd 7" | REACTR”
SOSORICE/ANION | #LACKI0N/EN 108 z‘ﬁ -
ATEAES  RBEE | Ak
RE7 7414 T FRHAA akfuln
T TeERhF |fuekeddy 1 . | . . I EI -1drF
o% [i]o 2o e | L.
1 I 1 L — T ! 5 @
— Qe e 1
ia .
] |
Eokee @ ok iie @ SrnRe T AR A K Fw» WREAEST o
guatiam Pl & w2200 [_—E
| 6 & )
'min 115,/ min in-!ﬂ(m
B0V 40W 00V 150 2007 O.4kw

Fig.2 FEBRFEHEELE AR
Piping system of experimental device



92

L7ze =¥ v oSS0 & S m L
TV WHIOBED S 25 e BEAL 72 FEBEIZ 1 H123E &
F—DWPEHS I E R L OIS Lz, A OHK
FFR AN Z e 15 oIl E L v — %2 Fi L
7oo WPUEME & >~ — O EIZ 60/ T, WEET i
13360 B CTH 5o

BT KB N O IPLE L, WPHENE 2~ — OB
DE->E YOI % LCR A — % (H & B
3511-50, MIEAER 1 kHz) TllET A2 L e L, Ml
T AIEPENE L =D Y ROV R L7720
DY VL—=FRy 7 Az, WENRETLETF ¥ A,
F v Y ANVEOT A Ny A L, JER RS A R
LCYL—KRy 7 ZO8MEZHIEIL, HWEkEEL/ —
TNV E2=FINERT AV T b 2 T ERER L7z

242 ECHIED:=&HDEKIL
IRPUEEHI S 2 7 212 & o TEHIl S LB HEPUE DS, &
B K@ N DK ORI L BEEW LD 2 i
BT 570, EBKoME (BEmRKEOEN) 12
INFLE R, WIS — ¥ R & 7289 2 mm O FRAK
T2 — T HRKFITHAL, FEBRIEFIEREE KB 5 E
BHOK L CHEEDECZETE AME s Lz, &
B DBE A 53K F 2 — 75E0 £ COMEREIZ 034 m
Thb, BB, —ETEF2—TI2E5%0EKLIT>
7z (trik) o

o GAERER
PERE L 72 MBS E OBIE 2 MRS 4 720, BTk g
ZVERL L CIRKIREERZIT o720

SR T2 R JE AT Sk

452187 (2016)

3.1 EEVEKE

TR 7K O R AR E DS N A 25D e~ 2 &
O FEERTIRE T A DI WIZHER 22 & L C R %
R L7, BT KEORR31.848m’ TH L, KA
(B 2 I B L, B— 0 HIRO HEREIRAE
I WE TR T 5720, FiEDRE S TREEN
% WrAd Loz 2 KhETET Wz, $72000
SRR T 2 — TREEEMAEICEEL 25, EREK
Fa—T%FEAL, TEEMED, FEEBRIZIET > T -
72770 NT T ARG ERAEKRER T, SR
W B OEKBREIZ17X 10 ' ms TH o7 D
AR T TR R MR L 2o wfge, (1213
IS (2008) 12X 5226 %10 *m/s) & FFEED 4 —
¥ —ToHo7,

HHUERE £ > — EH O Lo ¥ v o7 @i
25096 mDE S (T KBRE2 5 0.09 mDES),
RO ¥ IR 2> 5 0.06 m D & (B /e #2
NH099mDOEE) & L7

Fig. 4 |Z3KHUE I E BT B X OBk F 2 — 7 3% & I i
RT o RAKHED D B G-1~ G422\ TIHIRK
Foa— 7 %FEL TV, Fig. 412533 IKPUENZ &
g, IEPEIEE -k ohETH D,
T/, EREEOMS LY, BEEKENORSRES
AlE D (Fig. 4 D GHI) 1xt LALLM RRIC R B &
EZ2ONDDT, FKF 22— 713 L THHElO
AITHEE L 720

Table 1 (Z3RK T 2 — 7B E T OMEIE#H T 7R3

T K OREN L, BRFEAEEEN S OMIENT
WKEOLNEAPHRL D% 7212, Mz & i
D7z,

x PRHUE R E O HRKNLE e BRAEKIH
| A B C D E F G H | J K L M
x X x x x x x x x x x X x
o o
x 9x  x X X X X X X X X X
xBk x© x x E1 & Q G1 x x x  x X
xxx G« x x x x x x XXX
x X x x x x x x x x x X x
0.8 1 «x 3 * x x o X x x x x x X x
B-2 E-2
x x xO x x x © G2 x x x  x X
= x x xC2 x x x x x x x x X x
£ x X x x x x x x x x x X x
061 x x x x x x x x x x x X x
l%l i x Ox x x x % x x x x x x x x
Q xB-X x 8 3 x x E-3 x ©G3 x X X X  x x
> -
0
& x X x x x x x x x x x X x
2 x X x x x x x x x x x X x
x X x x x x x x x x X x
" 04 x 65—4:%-4 x © x Q G-4 x x X x x
x X x XE-4 X% x x x x x X x
x X x x x x x x x x x X x
x X x x x x x x x x x X x
02 4 x .x x X X X X X X X X X X
x Ox «x x x E)S x x x x x x X x
xB-5x  x x x B2 x x x x x x  x x
x X x x x x x x x x x X x
x X x x x x x x x x x X x
0 T T T
0 0.5 1 1.5 2

— 5 OGRS B (m)

Fig. 4 HRHUEIGE B X OBROK T
Measurements and sampling points for resistance
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Table 1 KT 2 — 7 EMNE—E

Locations of sampling points

X Y X Y
B-1 0.160 0.926 E-1 0.780 0.926
B-2 0.192 0.775 E-2 0.814 0.775
B-3 0.163 0.577 E-3 0.775 0.577
B-4 0.195 0.378 E-4 0.712 0.378
B-5 0.160 0.177 E-5 0.782 0.177
C-1 0.342 0.900 G-1 1.104 0.900
C-2 0.342 0.700 G-2 1.104 0.700
C-3 0.342 0.550 G-3 1.104 0.550
C-4 0.342 0.400 G-4 1.104 0.400

X AR S OFEEEm), Y @ R A S O & (m)
G-1~ G4 13K F 2 —77% L (BERI DR D)
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Photograph of experimental device
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Photograph of rain generator
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G-1~G-4 X1 0.76 mIEAREFEE 2T NC-1 ~ C-4D
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WIS HEARKIF AR 2T C-2, C-3DECAYL D) B E
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Al DRI E T TR b KB KB 2V B-1 ~ B-5D
e, HEOKEFRMAKRAL L D ZN210.075 m, 0.273 mik
WALIE 2 5 B-2, B-3Tld, ¥ TRAKBUZ A - 721
M F N IERBIIA D 2. 00 2, 45K B TH Y,
BEIXC-3, E3ICHANTES, FrEIEE UEER (2.0
Mith) 12BIFHECHC2, B2L W Eholz.

4.2 aﬁ%mgwomrzm

IWPUENZE 2 =12 X 2 e T, BillE%4,536
mDH 6T — 5 h e %nt DiE3,326MTHY, T—%
PASFEIL73% CTH - 720
BREIIEIWMARLIXI10Q~1X10QDF =5 —D
HIPANTd > 720 AT OFIMHE L FEERFIAG 12 8.8 X
1°QTH-o72b DA, EERIETRIZIZ23X10°Q & %5
720 WSROI EOWEEIT T, FERPZZnE T
1 X10° QD+ — % —Tdh - 72IKPUED, 100 HOME
T X100 QDI —F— 12Ny 28EHrH 5N, 2
NASEIKIE D HIRIKIBANDOBIT 2R L T D EELHN

Table 2 EC 52 H
Results of EC measurements

Wi 0:300 1:00 1:30 2:00 2:30 3:00 3:30 4:00 4:30
B-1 4410 136 389 334 332 — - - -

B2 — 4560 4500 1590 78 522 41 434 338
B3 - - - = = = 4560 4150 289
B-4 —  — = 4420 4420 4460 4480 4470 X
B5 - - - - - - - - -

C-1 4440 181 604 436 36 319 - - -
C-2 4460 4460 4460 816 549 385 365 — -

C3 - = = 4420 4550 4500 4490 1402 117.6
C4 - = = = = = = 4480 4460
E-1 4510 407 318 296 - - - - -
E-2 - 4480 3730 589 424 378 417 34 315
E-3 = — 4510 4470 4490 4480 3740 1124 56.4
E-4 — — = = = — 4540 4480 4530
E5S - - - - - - - - -

G-1 4300 1754 313 27.7 268 — - - -
G-2 4270 4300 239 37.8 29.1 289 — - -
G-3 - — 4380 4390 1043 77.5 43.8 40.6 373
G4 - - - — 4540 4020 469 59.8 42.6

HAL (mS/m, 25CH5), KRR - aa%@ﬁ'ﬁtu#%@m_ A
- CERY (b7 — % X 0 HEETRE), CE S A
A0 1 2,000mS/m i

%o

Table 3\ZHUF L7727 — % @9 5, 5 &P A5 /K
S IRKIBICFEATS B & & DMEMDZEALDO B %2 7R,

T EE v —THRONE T 4121045 %@%0
HOEIHETH Y, WREeET— 5 2 B/iliT 52 LidEE
OERE LHE L ve & 2 TIRIEESTKE O T 5
BRIKIZ L > TECHME L 72l ZF 2ol E &z
BT, EBRBE,» SEIE2 1 X100 Q%82 %5 F T
DFEMEEER] % Table 4 1278 T,

WA RBAEOKRME ) TH DX =128 % %R
Table 3 JRIUEDZEALH]
Example of change in resistance
] 3:10 3:20 3:30 3:40 3:50 4:00

A(69.5) 4.23E+05 3.83E+05 3.60E+05 3.49E+05 3.49E+05 3.46E+05
A(66.5) 5.55E+04 8.87E+04 1.55E+05 2.21E+05 2.31E+05 2.24E+05
A(63.5) 4.50E+03 9.00E+03 2.87E+04 9.09E+04 1.96E+05 1.84E+05
A(60.5) 2.83E+03 1.95E+03 4.16E+03 1.70E+04 6.07E+04 9.66E+04
A(57.5) 3.77E+03 1.99E+03 1.94E+03 2.82E+03 1.03E+04 5.14E+04

HALD Q. A 1.0x10°Q 22 2 EME, () dt ¥ —E3 (em)

Table 4 HHUHEDS1 X 10° QEBR 5 T TOREMIFER
Times when resistance conspicuously increased

trHEm) A% BF C% DF  EF FH  G%l

0.945 1:00 1:00 040 1:30 0:50
0.915 1:10 1:10 0:50 1:30  1:00 1:00  0:50
0.885 120 1:10 120 1:30 1:220 1:10  1:00
0.855 120 1:40 120 1:40 1:30 1:10
0.825 120 1:40 1:40 1:50 1:50 130 1:10
0.795 2:00 1:50 2:00 2:00 2:00 1:40 1:40
0.695 3:00 310 2:30 220 3:00 2:40 2:10
0.665 330 310 2:40 2140 310 3:00 2:20
0.635 3:50 330 2:50 2:50 3:30  3:10

0.605 410 3:40 320 3:30 3:40 3:40

0.575 — 350 3:50 400 3:50 3:50  3:30
0.545 — = 410 420 410 410 3:40
0.475 e
0.445 - - - - = = =
0.415 - - - - = = =
0.385 - - - - - = -
0.355 - - - - - = -
0.325 - - - - - = -
0.225 - - - - - = -
0.195 - - - - - = -
0.165 - - - - - = -
0.135 - - - - - = -
0.105 - - - - - = -
0.075 - - - = ===

EERBAMG 7> 5 OFEMIREH, 2 > ¥ T 7K e T 7S
- CBHE NN L, 22 RN &Y AN RE
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Schematic of freshwater lens (retouched with Inouchi et al. (2000))
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Laboratory Experiment for Reproducing Freshwater Lens in Artificial Aquifers

ISHIDA Satoshi*, ARITA Tomoya**, CAO Yingjie***, TANG Changyuan**,
SHIRAHATA Katsushi*, TSUCHIHARA Takeo* and YOSHIMOTO Shuhei*

*Renewable Resources Engineering Division, Water Resources Engineering
**Chiba University
*#*Sun Yat-sen University

Abstract

An artificial aquifer of 2.2 m width, 0.8 m depth and 1.05 m height filled with Toyoura sand
was installed in a large-scale experiment aquarium to build an experimental device that reproduces
freshwater lens in the laboratory. A sensor that measured electrical resistance at 360 points in the
experimental device was attached, and a system to measure resistance automatically at predetermined
time intervals was concurrently constructed. The artificial aquifer was filled with saltwater supplied by
tanks of saltwater on both sides. Afterwards, freshwater (simulated rainfall) was added from the upper
part while keeping the water level of the saltwater tank constant. Measured electrical resistance of the
artificial aquifer indicated that the freshwater area in the central part was thicker than the one at the
edge and that it formed a convex lens boundary below it. The size of the freshwater area expanded
during the experiment. This result shows that freshwater lens can be reproduced with this device. The
resistance distribution in the artificial aquifer acquired in the system corresponded to EC measurements
of the water. The rate of data acquisition for the system was 73%. This rate is lower than expected, so

the measurement conditions must be modified.

Key words: Freshwater lens, Experiment, Groundwater, Aquifer
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